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[57] ABSTRACT

A fluid-filled cylindrical elastic mount including an
inner and an outer sleeve; an elastic body interposed

between the inner and outer sleeves; a rigid sleeve dis-
posed over at least an outer circumferential surface of
oppostte axial end portions of the elastic body; a pres-
sure-receiving chamber provided between the inner and
outer sleeves, filled with a non-compressible fluid, and
recelving a vibrational load to be damped; an equilib-
rium chamber provided between the inner and outer
sleeves, filled with the fluid, and at least partially de-
fined by a flexible wall; a restricted passage for re-
stricted fluild communication between the pressure-
recetving and equilibrium chambers; a recess-defining

member disposed between the inner and outer sleeves,
for defining a radially outwardly opening recess, the

outer sleeve covering the recess to provide a space of a
predetermined volume; and an elastic sleeve for fluid-
tight sealing between the outer and rigid sleeves. A
portion of the elastic sleeve which is aligned with the
space, 1S spaced apart from the outer sleeve so as to
provide a flexible diaphragm in the space, the flexible
diaphragm serves as the flexible wall, and the equilib-
rium chamber is provided in the space. The rigid sleeve
and the recess-defining member may be constituted by a
single generally cylindrical member.

. 16 Claims, 6 Drawing Sheets
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i
 FLUID-FILLED CYLINDRICAL ELASTIC MOUNT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates in general to a fluid-
filled cylindrical elastic mount, and in particular to such
an elastic mount which has a pressure-receiving cham-
ber and an equilibrium chamber each filled with a suit-
able non-compressible fluid, and damps vibrations based
on fluid resistance to flows of the fluid between the two
chambers.

2. Discussion of the Prior Art

There 1s known a cylindrical elastic mount which is
used as a vibration-damping mounting device or con-
necting device such as an engine mount and a suspen-
sion bushing for automotive vehicles. The cylindrical
elastic mount includes an inner and an outer sleeve
which are disposed concentric or eccentric with each
other, and an elastic member of rubber interposed be-
tween the two sleeves for flexible connection therebe-
tween.

Recently, there has been used a “fluid-filled” cylin-
drical elastic mount which has a plurality of pockets
formed in the elastic member thereof and opening in an
outer circumferential surface of the elastic member, and
at least one metallic sleeve disposed over at least the
outer circumferential surface of opposite axial end por-
tions of the elastic member. In this elastic mount, the
outer sleeve is fitted on the outer circumferential sur-
face of the elastic member via the at least one metallic
sleeve and a rubber sleeve for fluid-tight sealing be-
tween the metallic sleeve and the outer sleeve. The
plurality of pockets are filled with a suitable non-com-
pressible fluid so as to provide a plurality of fluid cham-
bers in the elastic mount. The plurality of fluid cham-
bers are held in fluid communication with each other
through a restricted passage, i.e., an orifice. Upon appli-
cation of vibrations to the elastic mount, the orifice
exhibits a resistance to the fluid flowing therethrough,
or the fluid existing in the orifice resonates, thereby
damping the vibrations.

An example of the fluid-filled cylindrical elastic
mount of the above-described type is disclosed by U.S.
Pat. No. 4,749,173 (published on June 7, 1988). The
disclosed elastic mount has a plurality of fluid cham-
bers, one of which serves as a pressure-receiving cham-
ber whose fluid pressure is changed, upon application of
vibrations to the bushing, due to relative displacement
of the inner and outer sleeves thereof. The plurality of
fluid chambers also include at least one volume-variable
equilibrium chamber which is at least partially defined
by a flexible diaphragm and whose change in fluid pres-
sure 18 accommodated by elastic deformation of the
flexible diaphragm. Upon input of vibrations to the
elastic mount, the fluid flows between the pressure-
recetving and equilibrium chambers via a restricted
passage or an orifice due to pressure change produced
in the pressure-receiving chamber, so as to damp the
vibrations. _

In the above fluid-filled elastic mount, the elastic
member has an axial recess formed through a portion
thereof which portion is subjected to tensile stress due
to a static load upon installation thereon of a load mem-
ber to be supported thereby, namely, upon application
thereto of the weight of a load member. The axial recess
contributes to minimizing the tensile stress produced in
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the portion in question of the elastic member. Thus, the
durability of the elastic member 1s improved.

However, the above-indicated prior art elastic mount
suffers from a problem that the flexible diaphragm asso-
ciated with the equilibrium chamber is excessively
largely expanded or elastically deformed due to an
excessive amount of fluid flowing from the pressure-
receiving chamber 1nto the equilibrium chamber
through the orifice as a result of an extremely increased
fluid pressure in the pressure-receiving chamber upon
application of a large vibrational load to the mount.
Consequently the flexible diaphragm tends to be deteri-
orated. The deteriorated diaphragm may not accomno-
date a largely increased volume of the equilibrium
chamber and in such a case may break. Thus, the dura-
bility and reliability of the flexible diaphragm, and ac-
cordingly those of the elastic mount itself, have been
unsatisiactory.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a fluid-filled cylindrical elastic mount wherein
a flexible diaphragm at least partially defining an equi-
librium chamber thereof, and accordingly the elastic
mount as a whole, have improved durability together

with simple construction, and are manufactured with-
out complicated processes or increased cost.

The above object can be achieved according to the
present invention, which provides a fluid-filled cylindri-
cal elastic mount comprising (a) an inner sleeve; (b) an
outer sleeve disposed outwardly of the inner sleeve
such that an axis of the inner sleeve and an axis of the
outer sleeve are parallel to each other; (¢) an elastic
body interposed between the inner and outer sleeves for
elastic connection therebetween, (d) rigid sleeve means
disposed over at least an outer circumferential surface
of opposite axial end portions of the elastic body, the
outer sleeve being fitted on the elastic body via the rigid
sleeve means; (e) means for defining a pressure-receiv-
ing chamber between the inner and outer sleeves, the
pressure-receiving chamber being filled with a non-
compressible fluid, and receiving a vibrational load to
be damped by the elastic mount; (f) means for defining
an equilibrium chamber between the inner and outer
sleeves, the equilibrium chamber being filled with the
non-compressible fluid, and at least partially defined by
a flexible wall; (g) means for defining a restricted pas-
sage for restricted fluid communication between the
pressure-receiving and equilibrium chambers; (h) re-
cess-defining means disposed between the inner and
outer sleeves, tor defining a radially outwardly opening
recess, the outer sleeve covering the recess to provide a
space of a predetermined volume; (i) an elastic sleeve
for fluid-tight sealing between the outer sleeve and the
rigid sleeve means; and (j) a portion of the elastic sleeve
which is aligned with the space, being spaced apart
from the outer sleeve so as to provide a flexible dia-
phragm in the space, the flexible diaphragm serving as
the flexible wall. the equilibrium chamber being pro-
vided in the space.

In the fluid-filled cylindrical elastic mount of the
invention constructed as described above, the equilib-
rium chamber is provided in the space defined by and
between the outer sleeve and the recess-defining means.
The tlexible diaphragm at least partially defining the
equihbrium chamber, is advantageously prevented from
being excessively largely expanded, by eventually con-
tacting with the wall defining the space. Therefore, the
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durability of the flexible diaphragm, and accordingly
that of the elastic mount itself, are improved.

Further, since the flexible diaphragm is formed as an
integral part of the rubber sleeve provided between the
metallic sleeve and the outer sleeve for fluid-tight seal- 5
Ing therebetween, the present elastic mount is manufac-

tured without increasing the number of parts or ele-
ments required or complicating the construction

thereof.

According to a feature of the present invention the 10
recess-defining means is formed integral with the rigid
sleeve means, so as to provide a generally cylindrical
rigid member.

According to another feature of the invention, the
equilibrium chamber is defined by the flexible dia- 15
phragm and the recess-defining means. In this case, the
means for defining a restricted fluid passage may be
provided between the elastic sleeve and the elastic
member. Also, the means for defining a restricted pas-
sage may comprise a circumferential recess formed in 20
an outer circumferential surface of an intermediate por-
tion of the elastic body, and a cylindrical passage-defin-
ing member fitted in the circumferential recess, the
cylindrical passage-defining member cooperating with
the elastic sleeve to define the restricted passage which 25
communicates with the pressure-receiving and equilib-
rium chambers.

According to yet another feature of the invention, the
equilibrium chamber is defined by the elastic diaphragm
and the outer sleeve. In this case, the means for defining 30
a restricted fluid passage may be provided between the
elastic sleeve and the outer sleeve. Also, the means for
defining a restricted passage may comprise a circumfer-
ential recess formed in an outer circumferential surface
of an mtermediate portion of the elastic body, and a 35
cylindrical passage-defining member fitted in the cir-
cumferential recess via the elastic sleeve disposed there-
between, the cylindrical passage-defining member co-
operating with the outer sleeve to define the restricted
passage which communicates with the pressure-receiv- 40
ing and equilibrium chambers.

According to a further feature of the invention, the
pressure-receiving chamber and the equilibrium cham-
ber are provided opposite to each other in a diametric
direction in which the elastic mount primarily receives 45
vibrations. In this case, the inner and outer sleeves may
be eccentric with each other in the diametric direction.

According to a still further feature of the invention,
the elastic mount further comprises a restrictor member
- extending through the elastic body in an axial direction 50
of the elastic body, and the elastic body has an axial
void formed therethrough, the restrictor member being
extending through the axial void.

In a preferred embodiment of the elastic mount of the
invention, the elastic body has an axial recess which is 55
divided by the recess-defining means into a pair of inner
and outer sections, the outer section serving as the radi-
ally outwardly opening recess.

In another embodiment of the elastic mount of the
invention, the pressure-receiving chamber has a re- 60
stricted portion which provides a resistance to a flow of
the non-compressible fluid from one part of the pres-
sure-receiving chamber to another.

In yet another embodiment of the invention, the elas-
tic mount further comprises a plate-like member ex- 63
posed to the pressure-receiving chamber, for damping
vibrations applied to the elastic mount. In this case, the
plate-like member may include a base portion, and be

4

secured at the base portion thereof to the inner sleeve,
the plate-like member partially defining the restricted
portion of the pressure-receiving chamber.

In a further embodiment of the invention, the elastic
mount further comprises a rubber layer partiaily cover-
ing the inner sleeve, and the recess-defining means is in

pressed contact with the inner sleeve via the rubber
layer, so as to preliminarily compress the elastic body

between the inner and outer sleeves.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and optional objects, features and advan-
tages of the present invention will be better understood
by reading the following detailed description of pres-
ently preferred embodiments of the invention, when
considered in conjunction with the accompanying
drawings, in which:

FIG. 1 1s an elevational view in transverse cross sec-
tion of one embodiment of a fluid-filled cylindrical elas-
tic mount of the invention:

FIG. 2 1s an elevational view in axial cross section of
the elastic mount of FIG. 1, taken along line II—II of
FIG. 1;

FIG. 31s a view corresponding to FIG. 1, showing an
integrally vulcanized unit of the elastic mount of FIG.
1,7

FI1G. 4 1s a view taken along line IV—IV of FIG. 3,
showing the vulcanized unit of FIG. 3:

FIG. 518 a view corresponding to FIG. 1, showing a
rubber sleeve of the elastic mount of FIG. 1:

FIG. 6 is a view taken along line VI—VI of FIG. 5,
showing the rubber sleeve of FIG. 5;

FIG. 7 1s an enlarged cross-sectional fragmentary
view I1llustrating the processes of assembling the rubber
sleeve and an outer sleeve to the vulcanized unit:

FIG. 8 is an elevational view in transverse cross sec-
tion of another embodiment of the elastic mount of the

present invention;

F1G. 9 1s an elevational view in axial c'ross section of
the elastic mount of FIG. 8, taken along line IX—IX of

- FIG. §;

FIG. 10 1s a view corresponding to FIG. 8, showing
a rubber sleeve of the elastic mount of FIG. 8:

FIG. 11 is a view taken along line XI—XI, showing
the rubber sleeve of FIG. 10; and

F1G. 12 1s an elevational view in axial cross section of

yet another embodiment of the elastic mount of the
Invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIGS. 1 through 7, there is shown the
first embodiment of the fluid-filled cylindrical elastic
mount of the present invention in the form of an engine
mount for a front-engine front-drive motor vehicle.

In FIGS. 1 and 2, reference numerals 10 and 12 re-
spectively designate an inner sleeve, and an outer sleeve
disposed outwardly of the inner sleeve such that the
two sleeves are eccentric with each other by a predeter-
mined amount in a diametric direction of the engine
mount (hereinafter, referred to as the “‘eccentric’ direc-
tion), namely, vertically as viewed in FIG. 1. A longitu-
dinal axis of the inner sleeve 10 extends parallel to a

longitudinal axis of the outer sleeve 12. The inner and

outer sleeves 10, 12 are formed of metal. The inner and
outer sieeves 10, 12 are elastically connected to each
other by a generally semi-cylindrical elastic member 14
of a rubber material interposed therebetween. A sub-
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- stantial portion of the elastic member 14 is disposed on
one of opposite diametric sides of the inner sleeve 10 on
which the distance between the center of the inner
sieeve 10 and the circumference of the outer sleeve 12 is
larger than that on the other side as viewed in the 5
- above-indicated eccentric direction.

In the present embodiment, the inner sleeve 10 is
attached to a body of the vehicle via a connecting rod
provided therebetween, more specifically with the con-
necting rod extending through the inner sleeve 10. 10
Meanwhile, the outer sleeve 12 is attached to a power
unit of the vehicle via a bracket provided therebetween,
specifically with the outer sleeve 12 press-fitted in an
attachment hole of the bracket. Thus, the power unit is
mounted on the vehicle via the engine mount, so that 15
the engine mount damps and absorbs vibrations trans-
mitted thereto. The elastic member 14 is adapted to be
elastically compressed between the inner and outer
sleeves 10, 12 in the eccentric direction, so that the two
sleeves 10, 12 are held in substantially concentric or 20
coaxial relationship with each other, with the wight of
the power unit of the vehicle applied to the engine
mount, 1.e., while the engine mount is installed in place
on the vehicle for flexible connection of the power unit
to the vehicle body. A vibrational load is applied to the 25
engine mount primarily in the eccentric direction. |

More specifically described, the inner sleeve 10 has a
comparatively thick, cylindrical wall. A metallic sleeve
16 having a comparatively thin, generally cylindrical
wall 1s-disposed radially outwardly of the inner sleeve 30
10, such that the two sleeves 10, 16 are eccentric with
each other by a predetermined distance. A longitudinal
axis of the metallic sleeve 16 extends parallel to the
longitudinal axis of the inner sleeve 10. Referring to
FIGS. 3 and 4, there is shown the elastic member 14 35
disposed between the inner and metallic sleeves 10, 16.
The elastic member 14 is secured to an outer circumfer-
ential surface of the inner sleeve 10 and a generally half
portion of an inner circumferential surface of the metal-
lic sleeve 16 in a vulcanization, so as to provide an 40
integrally vulcanized intermediate unit 23.

As described above, a substantial portion of the elas-
tic mount 14 is located on one of the opposite diametric
sides of the inner sleeve 10 as viewed in the above-
Indicated eccentric direction. On the other side of the 45
inner sleeve 10 on which the distance between the cen-
ter of the inner sleeve 10 and the circumference of the
outer sleeve 12 is smaller, there is formed an axial recess
18 which extends over an entire length of the elastic
ember 14 in an axial direction of the engine mount. As 50
shown in FIG. 1, the axial recess 18 has a generally
semi-circular shape as viewed in transverse cross sec-
tion of the engine mount. This arrangement contributes
to mimimizing tensile stress produced in a portion of the
elastic member 14 which portion is adjacent to the axial 55
recess 18, when the elastic member 14 is elastically
deformed in the eccentric direction with the power unit
mounted on the vehicle via the engine mount, namely,
with the weight of the power unit applied to the engine
mount. 60

The elastic member 14 has a cavity 20 which is
formed therethrough. The cavity 20 is diametrically
- opposite to the axial recess 18 with respect to the inner
sleeve 10, and 1s substantially perpendicular to the ec-
centric direction of the engine mount and to the axial 653
direction of the same. The cavity 22 opens in the outer
circumferential surface of the elastic member 14. The
metallic sieeve 16 has a pair of openings 22, 22 aligned

6

with the cavity 20. Thus, the cavity 20 opens in an outer
circumferential surface of the vuicanized unit 23.

A plate-like member 24 i1s disposed in the cavity 20
such that the plate-like member 24 is supported at a base
portion 24a thereof by the inner sleeve 10. The plate-
like member 24 has a generally rectangular head por-
t1on, and is positioned in the cavity 20 so as to divide the
volume of the cavity 20 into two sections which are
spaced apart from each other in the eccentric direction
of the engine mount. The rectangular head portion of
the plate-like member 24 extends at a predetermined
height as measured from the inner sleeve 10 in the ec-
centric direction, and is spaced apart from the inner
wall surface defining the cavity 20.

The elastic member 14 has an axial void 28 formed
therethrough in the axial direction of the engine mount.
The second void 1s positioned radially outwardly of the
cavity 20 and extends a predetermined length circum-
ferentially along the inner surface of the metallic sleeve.
A rigid restrictor rod 26 with an oval cross section
extends through the elastic member 14 in the axial direc-
tion of the engine mount such that the restrictor rod 26
1s partially embedded in a portion of the elastic member
14 which portion is located between the cavity 20 and
the axial void 28, and partially exposed to the axial void
28. The axial void 28 and the restrictor rod 26 cooperate
with each other to minimize irregular axially outward

expansion of opposite side walls 14a¢, 14a of the elastic
member 14 which define the axial ends of the cavity 20,

when the weight of the power unit is applied to the
engine mount with the power unit mounted on the vehi-
cle via the engine mount, or when a vibrational load is
applied to the engine mount. Even upon application of
a large vibrational load to the engine mount, the above-
indicated combination of the axial void 28 and the re-
strictor rod 26 serve to cause an appropriate variation in
the volume of the cavity 20.

The metallic sleeve 16 includes opposite axial end
portions 29, 29 of a large diameter. The large-diameter
end portions 29 of the metallic sleeve 16 are located
over the outer circumferential surface of opposite axial
end portions of the elastic member 14. The metallic
sleeve 16 further includes an axially intermediate por-
tion 30 of a small diameter, such that a generally annular
recess i1s provided radially outwardly of the small-diam-
eter intermediate portion 30. A portion of the small-
diameter intermediate portion 30 which portion is ex-
posed to the axial recess 18, is deformed radially in-
wardly so as to provide a recess-defining portion 32.
The recess-defining portion 32 defines a recess 34 which
opens 1n the outer circumferential surface of the vulca-
nized unit 23, as most clearly shown in FIG. 3. Thus,
the axial recess 18 is divided by the recess-defining
portion 32 into a pair of inner and outer sections, and
the outer section serves as the recess 34. Opposite cir-
cumferential ends of the recess 34 communicate with
each other via a generally semi-annular recess defined
by the rematning portion of the small-diameter interme-
diate portion 30 which portion is embedded in the elas-
tic member 14.

As described above, In the present embodiment, after
vulcantzation of the intermediate unit 23, the metallic
sleeve 16 1s deformed radially inwardly so as to form the
recess-defining portion 32 which has a large volume as
shown in FIGS. 1 and 2. When the recess-defining por-
tion 32 is formed, the portion 32 is brought into pressed
contact with the inner sleeve 10, so that the inner sleeve
10 1s displaced in the above-indicated eccentric direc-
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tion and the elastic member 14 is preliminarily com-
pressed between the inner and metallic sleeves 10, 16 in
the eccentric direction, namely, in the direction in
which a static load is applied to the elastic member 14
with the power unit mounted on the vehicle via the
engine mount. The process of deforming the recess-
~defining portion 32 radially inwardly is carried out
concurrently with a process of drawing the metallic
sleeve 16 with, for example, commonly used eight-part
(or octagonal) die for the purpose of eliminating stress
produced in the elastic member 14 due to shrinkage
thereof upon the vulcanization as well as improving
bonding strength of the elastic member 14 to the inner
and metallic sleeves 10, 16. A portion of the outer cir-
cumferential surface of the inner sleeve 10 which por-
tion is brought into pressed contact with the recess-
defining portion 32, is covered with a rubber layer 38
formed integral with the elastic member 14. |

Subsequently, an orifice-defining member 40 having a
generally semi-cylindrical configuration is fitted in the

D

10

15

20

semi-annular recess 36 of the small-diameter portion 30

of the metallic sleeve 16 via a thin rubber layer integral
with the elastic member 14, as shown in FIGS. 1 and 2.
Further, a thin rubber sleeve 42 is disposed on the outer
circumferential surface of the drawn and deformed unit
23. The outer sleeve 12 is disposed on an outer circum-
ferential surface of the rubber sleeve 42. The outer
sleeve 12 disposed on the intermediate unit 23 via the
rubber sleeve 42 is subjected to drawing so as to be
press-fitted at opposite axial end portions thereof on the
corresponding large-diameter portions 29, 29 of the
metallic sleeve 16. Opposite axial ends of the outer
sleeve 12 are roll-caulked radially inwardly, and are
engaged with opposite axial ends of the metallic sleeve
16.

The rubber sleeve 42 has on each of opposite axial
end portions thereof a pair of annular sealing lips 46, 46
extending over a circumferential length of the outer
circumferential surface thereof, as shown in FIG. 6.
The axial end portions of the rubber sleeve 42 is com-
pressed between the outer sleeve 12 and the metallic
sleeve 16, so to assure fluid-tight sealing between the
two sleeves 12, 16.

The rubber sleeve 42 has an axial length greater a
suitable amount than that of the metallic sleeve 16, as

- shown in FIG. 7. The rubber sleeve 42 has on each of

opposite ends thereof an annular protrusion 48 extend-
ing over the circumferential length of the outer circum-
ferential surface thereof. When the axial ends of the

30

35

40

45

outer sleeve 12 are caulked to engage the axial ends of 50

the metallic sleeve 16, the annular protrusions 48, 48 are
sandwiched between the corresponding pairs of axial
ends of the two sleeves 12, 16.

When the orifice-defining member 40, rubber sleeve
42 and outer sleeve 12 are assembled to the intermediate
unit 23, the cavity 20 opening in the outer circumferen-
tial surface of the product 23 is covered at both opening
ends thereof by the orifice-defining member 40 to pro-
vide a first fluid chamber 43. Further, the recess 34 of
the recess-defining portion 32 of the metallic sleeve 16 is

covered by the outer sleeve 12 to provide a space 44 of

a predetermined volume. -

A portion of the rubber sleeve 42 which is aligned
with the space 44, is spaced apart from the outer sleeve
12 mto the space 44, so as to provide a flexible dia-
phragm 50. Thus, the flexible diaphragm 50 divides the
space 44 into into a pair of radially inner and outer
sections 32, 54. The radially inner section 52 serves as a

55

60

63
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second fluid chamber, while the radially outer section
>4 serves as a chamber for permitting the flexible dia-
phragm 30 to be deformed or expanded thereinto.

The orifice-defining member 40 has a pair of circum-
ferential grooves 56, 56 in an outer circumferential sur-
face thereof. The circumferential grooves 56, 56 are

fluid-tightly covered by the rubber sleeve 42 and the
outer sleeve 12. Each of the circumferential grooves 56,

56 1s held in fluild communication with the first fluid
chamber 43 via a communication hole 58 formed in one
of opposite circumferential end portions of the orifice-
defining member 40, and in fluid communication with
the second fluid chamber 52 at a circumferential end
thereof on the side of the other circumferential end
portion of the member 40. Thus, a pair of orifices 60, 60
are provided, which permit fluid communication be-
tween the first and second fluid chambers 43, 52.

The first and second fluid chambers 43, 52 and ori-
fices 60, 60 are filled with a suitable non-compressible
fluid, such that the orifice-defining member 40 and the
rubber and outer sleeves 42, 12 are assembled to the
Intermediate product 23 in a container filled with the
non-compressible fluid. As the non-compressible fluid,
may be used various fluids such as water, alkylene gly-
col, polyalkylene glycol, and silicone oil.

In the engine mount constructed as described above,
upon application of vibrations thereto, the volume of
the first fluid chamber 43 or fluid pressure in the first
chamber 43 is changed due to elastic deformation of the
elastic member 14. Thus, the first fluid chamber 43
serves as a pressure-receiving chamber for receiving the
vibrational load to be damped by the engine mount.
Meanwhile, the second fluid chamber 52 communicat-
ing with the first fluid chamber 43 via the orifices 60, 60,
1s permitted to be changed in volume due to elastic
deformation of the flexible diaphragm 350, so that the
fluid pressure in the second chamber 52 is not changed.
Thus, the second fluid chamber 52 serves as an equilib-
rium chamber for accommodating the pressure change
produced in the pressure-receiving chamber 43. The
first fluid chamber 43 serving as the pressure-receiving
chamber, is divided by the plate-like member 24 into the
pair of sections 43a, 43qa which communicate with
each other via a generally annular restricted portion 62
defined by the periphery of the plate-like member 24
and the inner surfaces of the elastic member 14 and
orifice-defining member 40. |

Upon input of vibrations to the instant engine mount,
the orifices 60, 60 provides a resistance to flows of the
fluid therethrough between the first and second fluid
chambers 43, 52, and the restricted portion 62 in the first
fluid chamber 43 provides a resistance to flows of the
tluid therethrough between the pair of sections 43q,
43aa, so as to damp the vibrations. Further, a mass of
the fluid existing in each of the orifices 60, 60 and re-
stricted portion 62, resonates with vibrations in a given
frequency range and thereby damps the vibrations. The
configuration and dimensions of each of the orifices 60
and restricted portion 62 are tuned to damp vibrations
in a predetermined frequency range. For example, the
orifice 60 has a predetermined cross section of flow and
a predetermined length. In the present embodiment, the
orifices 60, 60 are tuned to damp a comparatively low
frequency range of vibrations such as engine shake
based on the resistance thereof to the flows of the fluid
therethrough. Meanwhile, upon application of a middle
or a high frequency range of vibrations, such as boom-
Ing noises or transmitted engine sounds, when the
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masses of the fluid in the orifices 60, 60 become rigid
and unable to flow, the instant engine mount exhibits a
low dynamic-spring effect based on the resistance of the
restricted portion 62 to the flows of the fluid there-
through.

As described above, the second fluid chamber 52 is
provided in the space 44 defined between the metallic

sleeve 16 and the outer sleeve 12. The expansion of the
flexible diaphragm 50 upon flowing of the fluid into the
second fluid chamber 52, is advantageously limited by
contact of the diaphragm 50 with the outer sleeve 12.
Thus, when an excessively large vibrational load is
apphied to the instant engine mount, an excessive defor-
mation of the flexible diaphragm 50 is prevented. This
leads to improving the durability and reliability of the
flexible diaphragm 50, and accordingly those of the
engine mount as a whole.

In the instant engine mount, the flexible diaphragm 50
is formed as a portion of the rubber sleeve 42 for fluid-
tight sealing between the metallic sleeve 16 and the 20
outer sleeve 12, This results in reducing the number of
parts and processes required for manufacturing the
engine mount. Thus, the instant engine mount has a
simple construction, and is manufactured at low cost.

In the illustrated embodiment, after vulcanization of 23
the elastic member 14 to the inner and metallic sleeves
10, 16, the metallic sleeve 16 is worked to form the
recess-defining portion 32 such that the recess-defining
portion 32 is brought into pressed contact with the inner
sleeve 10. Therefore, the space 44 has a comparatively 30
large volume, and accordingly the chamber 54 has a
large variable volume for permitting the expansion of
the flexible diaphragm 50. The preliminary compression
of the elastic member 14 between the inner and metallic
sleeves 10, 16 in the eccentric direction, i.e. the direc- 35

tion in which the static load of the power unit is applied
to the engine mount, carried out prior to charging the
cavity 20 with the non-compressible fluid, contributes
to effectively reducing the amount of deformation of
the elastic member 14 when the power unit is mounted 40
on the vehicle via the engine mount, namely, the
amount of change in the volume of the first fluid cham-
ber 43, and accordingly the amount of the expansion of
the flexible diaphragm 50 partially defining the second
fluid chamber 52. Thus, the durability of the flexible
diaphragm 50 is further improved, and the variable
column of the second fluid chamber 52 is increased.

Furthermore, the pressed contact of the recess-defin-
ing portion 32 of the metallic sleeve 16 with the inner
sleeve 10, serves to limit displacement of the inner
sleeve 10 relative to the outer sleeve 12 in a downward
direction as seen in FIG. 1 upon application of an exces-
sively large vibrational load to the engine mount,
thereby improving the durability of the elastic member
14.

Referring next to FIGS. 8 through 11 there is shown
another embodiment of the engine mount of the inven-
tion. The same reference numerals as used in FIGS. 1
through 7 are used to denote corresponding elements or
portions of the embodiment shown in FIGS. 8 through
11. Redundant description of those elements or portions
are abbreviated.

The instant engine mount has a rubber sleeve 66 in
place of the rubber sleeve 42 of the preceding embodi-
ment of FIGS. 1-7. The rubber sleeve 66 includes an 6
iIntermediate stepped portion 64 with a diameter smaller
than that of opposite axial end portions thereof, as
clearly shown in FIG. 11. The rubber sleeve 66 is dis-
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posed on the outer circumferential surface of the vulca-
nized unit 23, with the intermediate stepped portion 64
fitted 1n the circumferential recess 36 of the unit 23.

A cylindrical orifice-defining member which consists
of a pair of separate simi-cylindrical halves 68, 68, are
accommodated 1n the small-diameter stepped portion 66
of the rubber sleeve 64 disposed on the vulcanized unit
23. Each of the pair of halves 68, 68 has at one of oppo-
site circumferential end portions thereof a pair of com-
munication holes 70, 70 opening radially inwardly, and
a pair of generally semi-circular grooves 72, 72 formed
in an outer circumferential surface thereof and extend-
ing from the corresponding holes 70, 70 to a circumfer-
ential end thereof located on the side of the other cir-
cumferential end portion. Subsequently, the outer
sleeve 12 1s disposed on the rubber sleeve 64 and the
orifice-defining halves 68, 68. Thus, the outer sleeve 12
covers the semi-circular grooves 72, 72 of the halves 68,
68, thereby providing a pair of orifices 605, 606 which
extends over a length slightly shorter than the circum-
ference of the engine mount.

The orifices 606, 606 communicates with the first
flurd chamber 43 via the communication holes 70, 70
formed in one of the pair of cylindrical halves 68 and an
opening 74 formed in the rubber sleeve 64. Meanwhile,
the orifices 605, 606 communicates with a space 52b
defined by a flexible diaphragm 506 of the rubber sleeve
64 and the other of the pair of cylindrical halves 68 via
the communication holes 70, 70 of the other cylindrical
half 68. More specifically described, the metallic sleeve
16 and the outer sleeve 12 define a space 44 therebe-
tween which 1s divided by the flexible diaphragm 504
into a pair of radially inner and outer sections 545, 525,

and the radially outer section 526 serves as the second
fluid chamber for the instant engine mount which cham-

ber 1s filled with a non-compressible fluid. Meanwhile,
the radially inner section 545 serves as a chamber for
accommodating the expansion or deformation of the
flexible diaphragm 506 upon flowing of the fluid from
the first fluid chamber 43 into the second fluid chamber
52b.

In the instant engine mount constructed as described
above, upon application of vibrations thereto. the elastic
deformation of the elastic member 14 and the fluid resis-
tances of the orifices 605, 605 and restricted portion 62,
serve to effectively damp the vibrations. Further, upon
input of an excessively large vibrational load, the flexi-
ble diaphragm 3506 1s advantageously prevented from
excessively large expansion or deformation thereof by
eventually contacting with the recess-defining portion
32 of the metallic sleeve 16. Therefore, the durability of
the flexible diaphragm 5056 is improved. Thus, the in-
stant engine mount has the same advantages as those of
the embodiment of FIGS. 1-7.

While two presently preferred embodiments of the
present invention has been described for illustrative
purpose only, 1t is to be understood that the invention is
not limited to details of the illustrated embodiments, but
the invention may be otherwise embodied.

For example, the first and second fluid chambers and
orifices for the engine mount are not limited to the
configurations of the illustrated embodiments. For ex-
ample, as shown in FIG. 12, the first fluid chamber 43
may be constituted by a pocket 76 formed in the elastic
member 14 such that the pocket 76 has a bottom on the
side of the inner sleeve 10 and opens in the outer cir-
cumferential surface of the elastic member 14. In FIG.
12 the same reference numerals as used in FIGS. 1-7 are



4,923,178

11

used to designate corresponding parts or portions of the
instant engine mount.
While the illustrated engine mounts have the single
pressure-recelving chamber and the single equilibrium
chamber, it is possible to provide the engine mount with 5
a plurality of the first or second fluid chambers serving
as the pressure-receiving or equilibrium chambers, re-
spectively.
Further, it is possible to employ a metallic sleeve (16)
consisting of a pair of semi-cylindrical halves. In this 10
case, it 1s recommended that one of the pair of semi-
cylindrical halves which defines the recess 34, be assem-
bled to a vulcanized unit formed by vulcanization of the
elastic member 14 to the inner sleeve 10 and the other
semi-cylindrical half, such that the recess-defining semi- 15
cylindrical half is brought into pressed contact with the
inner sleeve 10. |
Moreover, it is possible to use a recess-defining mem-
ber for defining the recess 44, independent of the metal-
lic sleeve 16. In this case, the recess-defining member 20
may be assembled to the integrally vulcanized unit 23.
Also in this case, the metallic sleeve may be constituted
by a pair of cylindrical members which are secured to
opposite axial end portions of the elastic member 14.
Furthermore, it will be understood that the principle 25
of the present invention may be applicable to other
vibration-damping mounting devices and connecting
devices such as automotive suspension bushings, in
addition to the illustrated automotive engine mounts.
It will be obvious that the present invention may be 30
embodied with various other changes, modifications
and 1improvements, which may occur to those skilled in
the art, without departing from the spirit and scope of
the invention defined in the following claims.
What 1s claimed is: 35
1. A fluid-filled cylindrical elastic mount comprising:
an inner sleeve:
an_outer sleeve disposed outwardly of said inner
sleeve such that an axis of said inner sleeve and an
axis of said outer sleeve are parallel to each other; 40

an elastic body interposed between said inner and
outer sleeves for elastic connection therebetween:

rigid sleeve means disposed over at least an outer
circumferential surface of opposite axial end por-
tions of said elastic body, said outer sleeve being 45
fitted on said elastic body via said rigid sleeve
means;
means for defining a pressure-receiving chamber be-
tween said inner and outer sleeves, said pressure-
receiving chamber being filled with a non-com- 350
pressible fluid, and receiving a vibrational load to
be damped by the elastic mount;

means for defining an equilibrium chamber between
said inner and outer sleeves, said equilibrium cham-
ber being filled with said non-compressible fluid, 55
and at least partially defined by a flexible wall:

means for defining a restricted passage for restricted
fluild communication between said pressure-receiv-
Ing and equilibrium chambers;

recess-defining means disposed between said inner 60
and outer sleeves, for defining a radially outwardly
opening recess, sald outer sleeve covering said
recess to provide a space of a predetermined vol-
ume;

an elastic sleeve for fluid-tight sealing between said 65

outer sleeve and said rigid sleeve means: and

a portion of said elastic sleeve which is aligned with

said space, being spaced apart from said outer

12

sleeve 50 as to provide a flexible diaphragm in said
space, said flexible diaphragm serving as said flexi-
ble wall, said equilibrium chamber being provided
in said space.

2. The elastic mount as set forth in claim 1, wherein
said recess-defining means is formed integral with said
rigid sleeve means, so as to provide a generally cylindri-
cal rigid member.

3. The elastic mount as set forth in claim 1, wherein
said equilibrium chamber is defined by said flexible
diaphragm and said recess-defining means.

4. The elastic mount as set forth in claim 3, wherein
said means for defining a restricted fluid passage is pro-
vided between said elastic sleeve and said elastic mem-
ber.

5. The elastic mount as set forth in claim 4, wherein
said means for defining a restricted passage comprises a
circumferential recess formed in an outer circumferen-
tial surface of an intermediate portion of said elastic
body, and a cylindrical passage-defining member fitted
in said circumferential recess, said cylindrical passage-
defining member cooperating with said elastic sleeve to
define said restricted passage which communicates with
said pressure-receiving and equilibrium chambers.

6. The elastic mount as set forth in claim 1, wherein
sald equilibrium chamber is defined by said elastic dia-
phragm and said outer sleeve.

7. The elastic mount as set forth in claim 6, wherein
said means for defining a restricted fluid passage is pro-
vided between said elastic sleeve and said outer sleeve.

8. The elastic mount as set forth in claim 1, wherein
sald means for defining a restricted passage comprises a
circumferential recess formed in an outer circumferen-
tial surface of an intermediate portion of said elastic
body, and a cylindrical passage-defining member fitted
in said circumferential recess via said elastic sleeve
disposed therebetween, said cylindrical passage-defin-
ing member cooperating with said outer sleeve to define
sald restricted passage which communicates with said
pressure-receiving and equilibrium chambers.

9. The elastic mount as set forth in claim 1, wherein
sald pressure-receiving chamber and said equilibrium

- chamber are provided opposite to each other in a dia-

metric direction in which the elastic mount primarily
receives vibrations.

10. The elastic mount as set forth in claim 9, wherein
sald inner and outer sleeves are eccentric with each
other in said diametric direction.

11. The elastic mount as set forth in claim 1, further
comprising a restrictor member extending through said
elastic body in an axial direction of the elastic body,
wherein said elastic body has an axial void formed
therethrough, said restrictor member being extending
through said axial void.

12. The elastic mount as set forth in claim 1, wherein
said elastic body has an axial recess which is divided by
said recess-defining means into a pair of inner and outer
sections, said outer section serving as said radiallv out-
wardly opening recess.

13. The elastic mount as set forth in claim 1, wherein
sald pressure-receiving chamber has a restricted portion
which provides a resistance to a flow of said non-com-
pressible fluid from one part of said pressure-receiving
chamber to another.

14. The elastic mount as set forth in claim 13, further
comprising a plate-like member exposed to said pres-
sure-receiving chamber, for damping vibrations applied

- to the elastic mount.
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15. The elastic mount as set forth in claim 14, wherein
said plate-like member includes a base portion, is se-
cured at said base portion thereof to said inner sleeve,
and partially defines said restricted portion of said pres-
sure-recelving chamber.

16. The elastic mount as set forth in claim 1, further
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comprising a rubber layer partially covering said inner
sleeve, wherein said recess-defining means is in pressed
contact with said inner sleeve via said rubber layer, so
as to preliminarily compress said elastic body between

said inner and outer sleeves.
- - - - - *
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